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A
b

stract

N
IM

R
O

D
 is a new

 code that w
ill be used for the analysis of existing fusion 

experim
ents, prediction of operational lim

its, and design of future devices. A
n 

approach called In
teg

rated
 P

ro
d

u
ct D

evelo
p

m
en

t (IP
D

) is being used for the 
developm

ent of N
IM

R
O

D
. It is a dram

atic departure from
 existing practice in the 

fusion program
. C

ode developm
ent is being done by a self-directed, m

ulti-
disciplinary, m

ulti-institutional team
 that consists of experts in plasm

a theory, 
e

xp
e

rim
e

n
t, 

co
m

p
u

ta
tio

n
a

l 
p

h
ysics, 

a
n

d
 

co
m

p
u

te
r 

scie
n

ce
. 

C
u

sto
m

e
r 

representatives (IT
E

R
, U

S
 experim

ents) are an integral part of the team
. T

he 
team

 is using techniques such as Q
uality F

unction D
eploym

ent (Q
F

D
), P

ugh 
C

oncept S
election, R

apid P
rototyping, and R

isk M
anagem

ent, during the 
design phase of N

IM
R

O
D

. E
xtensive use is m

ade of com
m

unication and 
internet technology to support collaborative w

ork. O
ur experience w

ith using 
these team

 techniques for such a com
plex softw

are developm
ent project w

ill be 
reported here.
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M
o

tivatio
n

Integrated P
roduct (“S

oftw
are”) D

evelopm
ent (IP

D
) 

T
eam

s w
ill allow

 the developm
ent of com

prehensive 
codes that m

eet custom
er expectations (in term

s of the 
physics m

odeled, utility of results, and ease of use) in 
18-24 m

onths instead of m
any years. 

IP
D

 im
plem

entation has delivered significant benefits, 
such as dram

atic reduction in developm
ent tim

e and 
costs and increase in product quality, in the com

m
ercial 

arena as w
ell as D

oD
 w

eapon system
s developm

ent. 
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IP
D

 T
ech

n
iq

u
es U

sed
 fo

r N
IM

R
O

D

•
T

eam
 F

orm
ation and T

raining
•

Q
uality F

unction D
eploym

ent
–

capture voice of the custom
er

–
requirem

ents deploym
ent

•
P

ugh C
oncept S

election
•

P
arallel D

evelopm
ent

•
R

apid P
rototyping

•
R

isk M
anagem

ent
•

C
ollaborative T

echnology
•

T
eam

 O
peration
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P
ro

ject T
eam

S
A

IC
S

an D
iego, C

A
1

M
cLean, V

A
1

LA
N

L
Los A

lam
os, N

M
4

S
N

L
A

lbuquerque, N
M

2
LLN

L
Liverm

ore, C
A

2
U

niv. of W
isconsin

M
adison, W

I
1

G
eneral A

tom
ics

S
an D

iego, C
A

2
IT

E
R

S
an D

iego, C
A

1

D
O

E
 (O

F
E

S
, M

IC
S

, ...)
G

erm
antow

n, M
D

1

•
m

em
bership driven by technical interests of the m

em
bers.

•
m

em
bership is diverse and dispersed.

•
project participants attended tw

o-day “team
ing” w

orkshop at 
project kick-off. 

C
u

sto
m

er o
n

th
e team

!

O
rg

an
izatio

n
L

o
catio

n
M

em
b

ers (fu
ll tim

e &
 p

art tim
e)
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T
eam

 F
o

rm
atio

n
 - G

o
o

d
 P

ractices

•
O

rganize around outcom
es, not tasks.

•
M

aintain team
 oversight of entire process.

•
T

hose w
ho use output of process perform

 the process 
(real/surrogate expertise).

•
T

hose w
ho generate inform

ation, process it.
•

T
reat geographically distributed resources as collocated-

com
m

unications plan.
•

C
oordinate parallel activities during a process, not after it.

•
P

lace decision authority w
here the w

ork is perform
ed.

•
C

apture inform
ation at the source.
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Q
u

ality F
u

n
ctio

n
 D

ep
lo

ym
en

t 
(Q

F
D

)

W
h

at is it?
•

A
 system

 for translating (deploying) custom
er requirem

ents into appropriate 
product <

N
IM

R
O

D
 softw

are>
 developm

ent requirem
ents that can be 

satisfied by the functions of an organization <
the N

IM
R

O
D

 T
eam

>
.

W
h

en
 to

 u
se it?

•
Y

ou w
ould like to develop a "picture" of the relationship betw

een custom
er 

requirem
ents and product features.

•
Y

ou w
ould like to display relationships betw

een several product issues and 
the com

ponents related to these issues.
•

Y
ou w

ant to incorporate the voice of custom
er in your planning process for 

product developm
ent.

•
Y

ou w
ant to design and deploy a strategic plan.
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Q
F

D
 O

u
tp

u
t

•
T

he outcom
e of the Q

F
D

 process is a set of m
atrices, 

(each m
atrix is a H

ouse of Q
uality) that capture the 

m
apping of the custom

er requirem
ents right dow

n to 
the product com

ponents.

C
u

sto
m

er R
eq

u
irem

en
ts

T
o

p
 L

evel S
o

ftw
are F

eatu
res

S
o

ftw
are C

o
m

p
o

n
en

t F
eatu

res
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Q
F

D
 M

ech
an

ics

•
S

tart w
ith requirem

ents - the W
hat’s

•
P

rioritize the requirem
ents

•
Identify characteristics of the solution/product. T

hese 
are the H

ow
’s.

•
T

he W
hat’s and H

ow
’s intersect to form

 a m
atrix. 

Indicate the strength (strong, w
eak, m

edium
, none) of 

the relationships betw
een the W

hat’s and the H
ow

’s.
•

Indicate the target value for each of the H
ow

’s.
•

Identify any interaction betw
een the H

ow
’s.
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Q
F

D
 M

atrix: “H
o

u
se o

f Q
u

ality”

W
h

at’s
W

h
at’s vs. H

o
w

’s

H
o

w
’s vs.

H
o

w
’s

H
o

w
’s

Priorities

T
arg

et valu
es

C
o

m
p

etitive
A

ssessm
en

t

Im
p

o
rtan

ce
co

m
p

u
ted
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Q
F

D
 B

en
efits

•
F

ocuses on custom
er satisfaction and requirem

ents

•
F

osters team
 ow

nership of custom
er satisfaction and requirem

ents
•

S
upports early planning am

ong all functions–im
proves developm

ent tim
e 

and cost by m
inim

izing late discovery of problem
s (delay, scrap, rew

ork)
•

Integrates process planning w
ith product planning

•
F

acilitates tradeoff studies at all levels, from
 concept to detailed planning 

stages
•

P
rovides com

m
on view

 of evolving product and process plans

•
R

epresents corporate m
em

ory in graphical and integrated form
 (starts w

ith 
pencil and paper)

•
B

rings discipline to the product developm
ent process
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Q
F

D
 C

aveats

•
P

ayoffs from
 initial effort invested in Q

F
D

 not realized 
until later

•
Inexperienced team

s m
ay m

ake Q
F

D
 charts m

ore 
detailed than they can com

prehend
•

Q
F

D
 lacks dynam

ic representation capabilities - it 
m

ust be com
plem

ented by w
orkflow

 analysis and 
other project m

anagem
ent tools

•
T

he Q
F

D
 charts m

ust be review
ed and updated by 

the team
 periodically
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R
eq

u
irem

en
ts C

ap
tu

re an
d

 F
lo

w
d

o
w

n

user
specification
of physics 
problem

N
IM

R
O

D
 

softw
are

features

1

2a

2b

3

N
IM

R
O

D
 

physics m
odel 

definition and 
im

plem
entation

N
IM

R
O

D
 

softw
are

characteristics

N
IM

R
O

D
 

softw
are

characteristics

C
ASC

AD
IN

G
M

A
TR

IC
E

S

C
ASC

AD
IN

G
M

A
TR

IC
E

S

m
odel equations

selection m
atrix

softw
are guidelines and 

im
plem

entation m
achine -

parallel program
m

ing
paradigm

 selection

task structure
and

task planning chart

physics m
odels 

needed
 by  N

IM
R

O
D

physics m
odels

 needed
 by  N

IM
R

O
D

N
IM

R
O

D
 user 

softw
are

needs
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N
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 Q

F
D

 M
atrix - L

evel 1

Actual Geometry

Flow Effects

Non-ideal MHD effects

     Neoclassical

     Resistivity

     Flow damping

     Two fluid effects

Field errors

Discharge evolution/external coils

Sources (n,v,T)

Open field lines with plasma

Resistive wall

Energetic particles

Transport (n,v,t)

High temperatures

Scrape off layer

N
on-ideal soft beta lim

its/real plasm
as

E
L

M
S

     E
xtent (how

 deep)
     G

eom
etry of E

L
M

L
ocked m

odes
Saw

tooth reconnection
R

FP current profile control
H

elicity injection (tokam
ak)

W
hats vs. H

ow
s L

egend
Strong                         9
M

oderate                    3
W

eak                          1
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Q
F

D
 

M
atrices - 
L

evel 2
2 Fluid equations

Gianakon/Callen neoclassical bootstrap formulation

Spitzer resistivity

Chi_E*del_perp^2v_phi

Del_dot_kappa_dot grad T

Sub grid particle flux

Vacuum region

B_tilde at wall (b.c.)

Seperatrix (moving)

Resistive wall b.c.

Flux coordinates

Particle pushing Pi (kinetic)

E, rho_v, rho source terms (externally defined)

Circuit model/plasma coupling

External coils

Radiation (brem)

Implicit time solve

A
ctual geom

etry
Flow

 effects
N

on-ideal M
H

D
 effects

    N
eoclassical

    R
esistivity

    Flow
 dam

ping
    T

w
o fluid effects

Field errors
D

ischarge evolution/external coils
Sources (n,v,T

)
O

pen field lines w
ith plasm

a
R

esistive w
all

E
nergetic particles

T
ransport (n,v,t)

H
igh tem

peratures
Scrape off layer
Island evolution tim

es scales

W
hats vs. H

ow
s L

egend
Strong                         9
M

oderate                    3
W

eak                          1
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N
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 Q

F
D

 M
atrices - L

evel 2

modular

pre-processor

post-processor

parallel architecture

software standards

GUI

documentation

version management

code validation

Milestones

    Nov 1996 Prototype

    July 1997 ITER Final

    July 1996 Ultimate

A
bility to  interact w

ith analysis codes
E

asy to use
Physical effects selection
Portable
D

im
ensional input/output

G
ood docum

entation
V

alidated output
Interface to linear stability codes
Scaleable
R

easonable results turn around tim
e

Flexible (extensible)
R

eproduce experim
ental diagnostics

Param
eterized input

O
ptim

ization seeking
Interfacing to engineering codes
T

echnical support
T

herm
al/electrical/m

echanical stress on external com
ponents

Support different num
erical algorithm

s

Features M
ilestones L

egend
Prototype
Final

W
hats vs. H

ow
s L

egend
Strong                         9
M

oderate                    3
W

eak                          1
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 M
atrices - L

evel 3

... th
is

in
fo

rm
atio

n
w

as u
sed

 to
syn

th
esize a

task p
lan

User interface

     Read user input

     Control program flow

     Display results

Pre-processor

     Set up IC’s

     Set up BC’s

     Geometry definition

     Grid generation

     Write input file for NIMROD

     Read input from codes

     Consistency check

NIMROD solver

     Read IC’s and grid

     Advance solution (t->t+dt) with BC’s

     Quick diagnostics and status

     Write solution and grid to file

Post-Processor

     Read output from solver

     Data analysis

     Visualization

     Write output files to other codes

     Report generation

T
e stepping algorithm

M
odular

Pre-processor
Post-processor
Spatial discretization algorithm
M

odel equations
Parallel architecture
Softw

are standards
M

odel boundary conditions
G

U
I

D
ocum

ent
V

ersion m
anagem

ent
 C

ode validation
     M

odule validation
     V

alidation against know
 solutions

     E
xperim

ental validation

W
hats vs. H

ow
s L

egend
Strong                         9
M

oderate                    3
W

eak                          1
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C
o

n
cep

t S
electio

n
: P

u
g

h
’s M

eth
o

d

A
ttrib

u
tes/

R
eq

u
irem

en
ts

C
o

n
cep

t 1
C

o
n

cep
t 2

b
aselin

e

N
et score

+

- +0

+
+

-  m
uch better than

+
-  better than

0
-  sam

e as
-

-  w
orse than

--
-  m

uch w
orse than

+++3
0

b
etter o

p
tio

n

... w
as used for selection

of the m
odel equations
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P
arallel D

evelo
p

m
en

t
(use of rapid prototyping)

•
S

pecification D
evelopm

ent
–

S
oftw

are standards
–

P
hysics approach

•
S

oftw
are D

evelopm
ent

–
G

raphical U
ser Interface

–
P

re-P
rocessor

–
S

olver
–

P
ost-P

rocessor

•
Integration

•
T

esting
•

V
alidation

–
P

lanning
–

E
xecution

2/96
11/96

4/97
9/97

R
isk elem

en
ts id

en
tified

 &
 altern

atives
in

vestig
ated

 u
sin

g
 p

ro
to

typ
es

S
p

ectral p
o

llu
tio

n
 p

ro
b

lem
s id

en
tified

an
d

 ad
d

ressed
 th

ro
u

g
h

 rap
id

 p
ro

to
typ

es

G
U

I p
ro

to
typ

ed

P
ro

ject S
tart: m

id
-F

eb
ru

ary 1996
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R
isk M

an
ag

em
en

t

•
R

isk m
anagem

ent practices:
–

E
arly identification of:
•

task dependencies and responsibilities
•

technical areas w
ith high degree of difficulty

•
resource constraints

–
A

lternate and backup approaches thought out and investigated.

E
xam

p
les

•
U

se of im
plicit tim

e advancem
ent -- fall-back w

as the sem
i-im

plicit 
technique.

•
M

ultiple graphics data packages such as X
D

R
A

W
 and D

ata E
xplorer, 

w
ere explored in depth.

•
M

ultiple approaches to G
U

I developm
ent w

ere prototyped, e.g., using 
T

cl/T
k and Java/H

T
M

L.



®

A
n E

m
ployee-O

w
ned C

om
pany

C
o

llab
o

ratio
n

: P
ro

ced
u

res an
d

 
T

ech
n

o
lo

g
y

•
F

ace-to-face M
eetings: 5 m

eetings for the full group 
and 1 m

eetings of sub-groups to-date.
–

O
ne of the m

eetings w
as for a w

eek at the custom
er site.

•
T

elephone and video conferences
•

E
-m

ail and listserver
•

P
roject w

eb site and ftp site
•

D
ocum

ent exchange using P
D

F
 form

at



®

A
n E

m
ployee-O

w
ned C

om
pany

T
eam

 O
p

eratio
n

•
T

eam
 used an external facilitator during the 

developm
ent process.

•
T

eam
 decisions are consensus based - decisions 

related to task planning, technical approaches, and 
addition of new

 m
em

bers.
•

T
eam

 m
em

bers have felt a strong need for periodic 
face-to-face m

eetings to tackle the tough technical 
issues.

•
R

isk m
anagem

ent used from
 the outset.
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Issu
es

•
C

oordination of a distributed team
 and sharing inform

ation 
am

ong the dispersed team
 m

em
bers is a challenge on a 

fast paced project requiring m
any high im

pact technical 
decisions. 

•
P

art tim
e and changing team

 m
em

bership strains the 
developm

ent process.
•

S
evere budgetary constraints.

•
U

ncertain local m
anagem

ent com
m

itm
ent.

•
A

n extrem
ely difficult technical goal.

•
T

he Q
F

D
 process w

as used for the developm
ent of a 

large code for a research problem
 w

hich has a high 
degree of uncertainty.
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T
h

e team
 feels th

at th
e IP

D
 p

ractices 
an

d
 ju

d
icio

u
s u

se o
f tech

n
o

lo
g

y to
 

su
p

p
o

rt co
llab

o
ratio

n
 h

as m
ad

e a 
m

ajo
r d

ifferen
ce in

 th
e N

IM
R

O
D

 co
d

e 
d

evelo
p

m
en

t p
ro

cess.

... th
ey b

elieve th
ey w

ill acco
m

p
lish

 
th

eir am
b

itio
u

s 18-24 m
o

n
th

 g
o

als. 


